Introduction
Fluorescein angiography (FA) is an imaging examination that highlights the retinal and choroidal circulation and useful in the diagnosis of fundus disorders. Hyperfluorescence is defined as an abnormal presence of fluorescence or increase in normal fluorescence in fluorescein angiogram. Frequently hyperfluorescence is seen with window defects and with abnormal blood vessels. A window defect refers to the choroidal fluorescence produced by a relative decrease or absence of pigment in the retinal pigment epithelium (RPE). Multifocal granular hyperfluorescence seen on FA indicates diffuse RPE damage [1] . For example, in eyes with longstanding or recurrent central serous chorioretinopathy (CSC), the clinical picture is more complex with the possible emergence of a myriad of secondary changes, including patchy RPE atrophy or atrophic RPE tracks [2] [3] [4] [5] . Multiple areas of diffuse RPE decompensation can evolve, resulting in gradual leakage through the posterior blood-retinal barrier and an indistinct zone of staining or oozing seen on FA images [1] . In contrast, in eyes with occult choroidal neovascularization (CNV) secondary to (age-related macular degeneration) AMD, although RPE decompensation can develop with window defects seen on FA images, the multifocal granular hyperfluorescent lesions are not as common [6, 7] . Polypoidal choroidal vasculopathy (PCV) is a distinct exudative macular disorder and a highly prevalent and clinically relevant disease in Asian patients [8] [9] [10] [11] [12] . While its pathogenesis is unclear, PCV generally is considered to be a primary abnormality of the inner choroid characterized by a network of vessels with two distinct components: a complex of branching vessels and multiple, terminal, reddish-orange aneurysms or polypoidal lesions. Because PCV has a chronic natural history, diffuse retinal pigment epithelium (RPE) damage may develop in these eyes [8] [9] [10] [11] [12] . Multifocal granular hyperfluorescence occasionally is seen on FA images in eyes with PCV. In this study, the causes of multifocal granular hyperfluorescence on FA at the macula of Japanese patients were investigated and the clinical findings among the causes were compared to evaluate the essential elements in a differential diagnosis.
Patients and Methods
The institutional review board of Ohtsuka Eye Hospital approved the study. All patients provided informed consent. This study adhered to the tenets of the Declaration of Helsinki. I retrospectively studied 1,457 consecutive Japanese patients who had undergone digital simultaneous FA and indocyanine green angiography (ICGA) examinations at Ohtsuka Eye Hospital, Sapporo, Japan, between August 2011 and January 2013. If the patients had bilateral disease, the eye with the more recent symptom onset was included in this study. The patients had more than one angiogram performed in my institute; the angiogram performed firstly was chose in this study. All patients underwent a complete ophthalmic examination including measurement of the visual acuity (VA) using a Landolt ring chart, digital simultaneous FA and ICGA using a confocal laser scanning system (Heidelberg Retina Autograph 2, Heidelberg Engineering Inc., Heidelberg, Germany) [13] , and spectral-domain optical coherence tomography (OCT) (Spectralis, Heidelberg Engineering (4%) eyes because of the difficulty differentiating chronic CSC, PCV, and occult CNV. Although multifocal hyperfluorescence on FA can be shown in Stargardt's disease and Harada syndrome, these disorders were not found in the147 eyes reviewed in this study. The 94 eyes with PCV had characteristic polypoidal lesions on ICGA (Figure 2 ). The 19 eyes with occult CNV had granular hyperfluorescence on FA and CNV that was confirmed by ICGA ( Figure 3 ). In 25 eyes with chronic or recurrent CSC, diffuse retinal pigment epitheliopathy was seen on FA, and no characteristics of PCV or occult CNV were seen on ICGA ( Figure 4 ). Choroidal vascular hyperpermeability was observed in 36 (38%) eyes with PCV, two (11%) eyes with occult CNV, and 19 (76%) eyes with CSC. Although six eyes not established definite diagnosis had Inc.). A mixture of 25 mg of indocyanine green (Ophthagreen, Daiichi-Seiyaku Co., Tokyo, Japan) and 500 mg of sodium fluorescein (Fluorescite, Japan Alcon, Tokyo, Japan) was injected intravenously. Eyes with multifocal granular hyperfluorescence on FA were identified and the causes of this finding were studied. Multifocal granular hyperfluorescence ( Figure 1 ) was defined as the presence of multiple regions of hyperfluorescence seen early during choroidal filling with the greatest intensity at peak choroidal filling with or without late leakage. PCV was defined as the presence of one or multiple focal areas of hyperfluorescence arising from the choroidal circulation within the first 6 minutes after injection of ICGA, with or without an associated branching vascular network [14, 15] . The polypoidal lesions could have been solitary (arbitrarily defined as one or two polyps) or multiple; if multiple polypoidal lesions were present, they could have been arranged in a ring or cluster. Occult CNV secondary to AMD was diagnosed when FA showed increasing subretinal hyperfluorescence, no clear delineation, and irregular staining, and ICGA showed early vascular hyperfluorescence and late staining of abnormal vessels [16] [17] [18] . Cases with a choroidal branching vascular network and no polypoidal lesions were diagnosed with occult CNV. CSC was defined as an idiopathic serous detachment of the neurosensory retina in the macular area with or without pigment epithelial changes and one or more focal leaks at the level of the RPE [19] . Chronic or recurrent CSC, referred to as diffuse retinal pigment epitheliopathy, was defined as a neurosensory detachment associated with an area of RPE atrophy and pigment mottling, granular hyperfluorescence with subtle leaks on FA, and no characteristics of PCV or occult CNV [2] [3] [4] [5] .
Results
Of the 1,457 eyes, 147 eyes had multifocal granular hyperfluorescence at the macula on FA. Of the 147 eyes, 94 (64%) eyes had PCV; 25 (17%) eyes had either recurrent or chronic CSC; 19 (13%) eyes had occult CNV associated with AMD; and three (2%) eyes had multiple evanescent white-dot syndrome. No diagnosis was established in 6 multifocal granular hyperfluorescence at the macula on FA and small branching vascular network as observed in PCV that was confirmed by ICGA, characteristic polypoidal lesions could not be observed on ICGA? Thus, these six eyes were not coincided with the diagnostic criteria of PCV. The mean ± standard deviation (SD) ages of patients with PCV, occult CNV associated with AMD, and CSC, respectively, were 75 ± 9, 77 ± 8, and 52 ± 8 years. The mean age of patients with CSC was significantly (P<0.001 for both comparisons by the unpaired Student's t-test) younger than those of patients with PCV and occult CNV associated with AMD. Fifty-five (59%) eyes with PCV, 12 (63%) eyes with occult CNV, and 18 (72%) eyes with CSC were those of male patients; the percentages did not reach significance.
In 126 (86%) of the 147 eyes with multifocal granular hyperfluorescence on FA, OCT showed the presence of a serious retinal detachment (SRD). In eyes with PCV, the RPE line was elevated and separated from Bruch's membrane, the vascular pigment epithelial detachment (PED) corresponded to the branching vascular network, which was irregular and thickened due to deposition, and the choroid was thickened (Figure 2) . The OCT images of eyes with occult CNV showed a flat elevation of RPE, beneath which hyperreflective layers were observed that corresponded to fibrovascular infiltration (Figure 3 ). In eyes with CSC, OCT showed an undulating RPE line, elongation of the photoreceptor outer segment, and a thicken choroid (Figure 4) . Small serous PEDs were observed in the area of the SRD in 13 (52%) eyes.
Discussion
The current results showed that PCV, occult CNV, and chronic CSC are the main causes of multifocal granular hyperfluorescence on FA. Thus, clinicians first should consider such disorders when examining patients with scattered lesions with pigment epithelial degeneration on ophthalmoscopy and multifocal granular hyperfluorescence on FA. Clinical factors such as age and the findings on ICGA and OCT images should be considered in the differential diagnosis. In some cases of CSC with a persistent or recurrent neurosensory detachment, a myriad of secondary effects may develop at the level of the RPE, and fluorescein leakage may no longer be focal or discrete as in eyes with typical CSC. A localized or diffuse area of RPE decompensation instead may evolve, resulting in granular leakage through the posterior blood-retinal barrier and an indistinct zone of staining or so-called "ooze" [20] [21] [22] . PCV is associated with multiple, recurrent serosanguineous detachments of the RPE and neurosensory retina secondary to leakage and bleeding from choroidal vascular lesions [8] [9] [10] [11] [12] 14, 23] . However, in some cases, a small-caliber choroidal vascular branching network with a neurosensory detachment at the macula without hemorrhage is a major manifestation associated with RPE atrophy. Because FA shows multifocal areas of granular hyperfluorescence, it is often difficult to distinguish PCV from persistent or recurrent CSC [12, 24] . Such cases of PCV were reported to masquerade as CSC [12] . PCV was reported to have a particularly strong association with a history of CSC and be part of a sequence after chronic CSC [25, 26] . PCV sometimes had choroidal vascular hyperfluorescence seen on ICGA images, which has been interpreted as regional vascular hyperpermeability of the choriocapillaris [24] . Choroidal vascular hyperpermeability also has been reported in eyes with CSC, and these findings may be involved in the pathogenesis of CSC [4, 22, 27, 28] . Thus, those authors speculated that chronic CSC or subclinical CSC might contribute to development of PCV. Furthermore, increased choroidal thickness has been seen on OCT images obtained from eyes with both disorders [29] [30] [31] [32] [33] [34] . The pathogenesis is similar between the two disorders and some eyes with PCV had a medical history of CSC [24, 25] , raising the possibility that the two disorders belong to the same category. The recent advent of OCT, especially spectral-domain OCT with high-resolution images, provides an opportunity to observe new findings and contributes to the differential diagnosis among disorders characterized by deterioration around the outer retina and subretinal space, such as PCV, occult CNV, and chronic CSC [34] [35] [36] . Although the incidence rates of the characteristic findings on OCT images vary among the diseases, such as the so-called double-layer sign, which is comprised of two highly reflective layers, i.e., an undulating RPE line and a hyperreflective straight line representing Bruch's membrane, the findings are not pathognomonic for only one disease but also are found in other diseases [34] [35] [36] . Thus, although OCT can provide essential information about the outer retina and subretinal space, establishing a diagnosis seems to be difficult using only OCT findings.
As PCV is a relatively new entity, it had been regarded as occult CNV in many patients and studies previously [8] [9] [10] [11] [12] . In the present study, PCV was defined as focal areas of hyperfluorescence after injection of ICGA with or without an associated branching vascular network and cases with a choroidal branching vascular network and no polypoidal lesions were not diagnosed with PCV. As the focal hyperfluorescence in PCV may not always show up on ICGA because it was obscured by blood or fluid or it has shrunken after treatment or bleeding or did not develop polypoidal lesions yet, only branching vascular network may be seen as occult CNV [37] . Thus, the stage of the disease may have associated with the incidences of the diseases in the current study. PCV is also suggested to be an underlying cause of CSC in some patients. If the angiogram showed PCV and OCT showed serous detachment, were the patients regarded as PCV in the current study. Therefore, the number of patients reported in the two conditions may be misleading if this study distinguished them based on the presence of PCV on ICGA alone. PCV, occult CNV, and chronic CSC are primary causes of multifocal granular hyperfluorescence on FA images obtained from Japanese patients. In eyes with multifocal granular hyperfluorescence on FA images, multi-modality findings such as fundus ophthalmoscopy, OCT, and ICGA are necessary to establish a definitive diagnosis.
However, since relevance among PCV, occult CNV, and chronic CSC is suggested, only fragmentary examinations may be difficult in the definite differential diagnosis in some cases. In such cases, followup examinations are also necessary for the exact diagnosis.
